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ABSTRACT 

This booklet describes the planning of the space 
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New Era Begins" (discussing scientific experiments on the space 
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•'Orbital Mechanics" (discussing the maneuverability of the space 
station, including robotic application); (7) "Evolving with 
Versatility" (describing blueprints for expanding a space station); 
and (8) "Foothold on the Future" (discussing the future plans of the 
space station program) . (YP) 
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Freedom will be an mternationat 
reseaich csntet in space, and an 
orbital base for future missions to 
extend human presence out of Earth 
orbit and into the Solar System. 



INTRODUCTION 



hroughout the long sweep 
of histon, the quest to push 
haek frontiers on Haith has 
staited with disco\eiy and 
exploration, followed by 
settlement and eeonomic 
de\elopment. Indeed this is 
how the length and breadth 
of our eountiy was devel- 
oped. In a sense, therefore, 
Spaec Station Freedom 
signals the early stage of our 
permanent settlement in low- 
earth orbit. Baeked by o\er 
three deeades of seientitie 
data gleaned by spaee 
satellites and human spaee 
\o\agers, this new interna- 
tional laboratoiy, anehored in 
Karth orbit and inhabited 
and tended by humans, will 
help us master and develop 
the space frontier. 

riie I'nited States is not 
alone in us attempts to tame 
space. Many nations see a 
bright future in exploring 
and exploiting the space 
frontier for world promi 
nence, national strength, and 
commercial profit. Japanese, 
Cierman, and French indus- 
tiA go\ernment teams are 
currentK formulating space- 
based programs in micro- 
gra\it\ research and other 
space seiAices, including 
remote sensing of Harth. 
And since 1971 So\iet 
cosmonauts have been 
regularK departing to and 
from Harth to operate 
stations in space, achieve- 
ments that lead many experts 
to expect bolder Soviet 
missions in the future, 
perhaps a mission to Mars. 

During the early planning 
\ears, experts called a space 
station the next logical step 
for America's space program. 
Today, that space station, 
christened Freedom by 
President Reagan in 1988, is 
becoming part of America's 
foothold on the future. If 
America is to demonstrare 



An artist's viev; of an evolutionary 
space station serving as a 
''Spaceport'* In low Earth orbit. 
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aggressive leadership in 
space, we cannot rest on our 
laurels. vSpace Station 
Freedom will go far to 
cnsmc our tompetil!\c edge 
in space, and contribute to 
American pride and prestige. 

The ultimate purpose of 
sSpaee sStation Freedom is to 
sene as our rite of passage 
into the solar system, honing 
our technical expertise and 
uelding \aluable experience 
about li\ing and working in a 
nearK gravity free medium, 
lU providing an exolutionan 
base for expeditionar\ crews, 
and storage for hardware, 
propellants, and supplies. 
Freedom will become a 
gateway to the Moon and 
the distant surface of Mars, 

Research on Freedom will 
spaw n new scientific and 
technical breakthroughs that 
will contribute to our 



understanding of fundamen- 
tal laws of nature, to 
America's future economic 
prosperity, and to the qualit}' 
()f!ife on Earth for all human 
kind. 

rhe loss of sShuttle 
(liallenger and its crew 
seiAed notice that pioneering 
the space frontier is not 
without risk. America, 
h()We\er, must remain 
steadfast in its aspirations. By 
assembling a permanent 
habitat above Haith, America 
will find Itself com eniently 
anchored oft shore, read} to 
sail for still longer voyages 
into space. In this way we 
will increase our storehouse 
of knowledge, gain a new 
perspective of Farth and the 
universe, open new opportu- 
nities for commercial benefit, 
and nurture our spirit of 
exploration. 




Freedom will provide an evolutionary base for expeditionary crews, a gateway to tlie Moon. 
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The Soviet Union's "Mir" space station.orbiting Eartli since February 1986. is 
replete with a special docking port to enlarge the station over its many years of 
productive life In space. 



America's space program of today Is 
built upon a foundation of over 3 
decades of pioneering achievement. 
From the tentative steps of human 
space exploration, to the first steps on 
the IVIoon, to the Space Shuttle, the 
Freedom Station symbolizes a 
commitment to maintain leadership in 
the exploration and utilization of 
space. . 




Ozone concentrations in the Southern 
Hemisphere as photographed by an 
orbiting satellite. Sensors aboard 
Freedom's manned base and polar 
platforms will study our globe from 
space, probing the relationship 
between human activity on Earth and 
the planet's delicate biosphere. 




The distant surfaces of Mars. 
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A NEW ERA 
BEGINS 



n the mid 199()s, a four 
member crew will elimb out 
of a Space Shuttle, pass 
through an air lock, and 
board Space Station 
l^eedom. Safel\ housed 
more than 320 kilometers 
{200 miles) abo\e haith in a 
pressurized en\ ironment 
approximating that on Hanh, 
the astronauts will then 
watch as their transport 
\ehicle IS piloted away tVom 
the IVeedom station tor 
leenti'v, 

For the next 30 years or 
more. Space Station 
I reedom will be permanently 
occupied. Slipping through 
the harsh \acuum of space, it 
will circle the globe in a low- 
inchnation t)rbit of 28.5 
degrees to the equator. Over 
time, the drag of thin, 
remnant atmosphere will pull 
I reedom tt)ward Hanh, but 
periodic bursts from onboard 
thrusters will prod the facility 
back into operational 
altitude. 

Inside hreedoniN pressur- 
ized modules, e\eiy a\ailable 
area will be in use, with 
ceiling, wall, and lloor space 
all designated for experi 
ments, storage, control 
panels, and electrical power 
connections. Of course, 
without the persistent pull of 
a one gra\it} force, there is 
no up or down in space. 
I'lccdonrs designers, 
therelore, will use lighting, 
computer displays, controls, 
and e\en aiillow to recreate 
some of the up and clow n 
feeling humans are used to 
on haith. 
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Crew members pass from a docked 
Shuttle orbiler into Freedom's 
habitation module through a 
pressurized "resource node." 
Astronauts monitor docking from a 
cupola mounted atop the node. 



Conducting Science in Space 

Once ,isscinbl\ nf 
VkcJoih is coinpiciL". ciiiiii 
t.rc\\ inciubcis tlic 
C( iinnuuuicr* « )pci at i >i 

inisMon Miciuisis troin the 
rnitcd States aiui sp.uc 
panncr c«)\intncs - will be 
nil Uurd. Moatiiiii free 
iiiskic lTCcJ«»nrs prcssun/cJ 
nuuiulcs nr tctherai oiitskic 
to Its tniss, tlu"\ will wnrlv ,\s 
intciiiMtcJ teams m ^> hour 
shifts, 5 da\s a week. 

Outlitted with ,1 diverse 
set «>! hardware and elaborate 
instnnnentatioiK l-reedoin 
will be an upward , d«>\\n 
waid , and nmard lookinii 
international reseauh base, h 
will be a sue lor conductinii 
basic research m plusus, 
chenustn, and life sciences, 
toi proeessinii materials, tor 
monitorini: hanh\ fragile 
eiuironment, and tor 
dexelopini: new tc\hnolo 
liies SeiMCini: ot'attached 
uistniments and reusable 
spacccratt, and assembK and 
checkout ot iariie structures 
will be peiiormed at Space 



the permanenth manned 
tacilit\ are ad\ances in 
materials scieiue and lile 
sciences. I hcse arc the 
scientitis areas that <.an most 
bcnetit trom I'leedonrs 
extensive vajMbihtics and 
tnun human sup'CiMsion and 
interaction. 

One im|V)naiu reseai\h 
a«.ti\it\ to be <.ondu^ted 
aboaid I reedom will ^on<.cii 
irate on the basu stiHKtuie ot 
protein molcLuU-s, the 
buildini; blocks of hte 
Pn>tein ci-v stall* )i»iaph\, a 
technique to be implemented 
using de\ues in the I'.S. 
laboraton module, is a 
ielati\el\ new and exciting 
discipline that will be tunher 
stinuilatcd b\ sp,ice borne 
eXfXTiments. C ixstallogra 
ph\ IS a |\)wei1ul wa\ to 
deternune the three dimen 
sional stnictures ot large 
nv)lecules. Knowledge of' 
structure pr<nidesa ke\ t«» 
understanding ihe basK 
mechanisms of lite. Main o\ 
the molcLules essential tor 
li\ ing mechanisms espe 
cialK the j^nueins and 
nucleic acids are xeix large 
molecules with extremelv 
coinplieated three dimen 
sional structures. lo deei 



jMier these stnieturcN, 
uxstallographeis coax 
biological molecules t«) 
organi/e s\nKtricall\ into 
<.ixstals big enough to stud\. 
1 he\ lv)inbaid these mole* u 
lai <.ixstals with X ra\s to 
ueate dilliaction jwtieins, 
which c«)m|niters anal\/e. 

Cin»wing protein cixstaK 
good enough to stud\ is 
extiemeh diflicult. Pcspue 
ticmendous e lions, research 
ers luxe uxsialli/ed relatuclv 
lew juoteins successtulK, and 
imfX'ifections ot\en mai the 
rare large cixstals grown 
under normal circumstances. 
Ht)we\er, space cxjKriments 
suggest that larger and more 
{'Crtea cixstals torm in the 
absence of gra\it\. 

Prevunis exjXTiments h,ne 
denuHistrated the teasibilitv 
«)1 gi«)wing large protein 
cixstals in inicrogra\ii\ 
withiuit the lormation 
multiple seeds, which 
pi«»duce numcKuis small 
cixstallites that would 




Station l-reed«)nK LMti 
inaieK, l-recdom will be a 
|v)int ordc|\mure to inter 
|Manctar\' space, 

Cl«)mplcx experiments w 
be i^'riormed within 
Freedom's pressurized, shirt 
slee\e laboratories, pro\iding 
many important elues to the 
basic laws of physics that 
govern the delicate intcrac 
tion between gravity; lui 
mans, and materials. The 
primarj' research objectives of 
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Configuration of U.S. modules stiows 
Ifie habitat module (top center): 
laboratory module (below habitat 
module): logistics module (far left) for 
storage and transport of supplies and 
experiments: and resource nodes 
which interconnect the modules and 
house command and control systems. 



Lab Sciences 
Worklfcoch, 



ContiuousFlaw^ 
. Elcclrophoreisls 
System ' > 




TheU.S.-built 
laboratory 
module will 
house hardware 
designed to 
conduct 
materials and 
life sciences 
Investigations. 
Equipment will 
be simitar to 
devices found in 
welhequipped 
ground-based 
laboratories. 



Protein crystals, 
like these... 



may prove to be 
cf major benefit 
to medical 
technology. 
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preclude study by X-ray 
dirtraction techniques. 
Protein cn'Stals grown 
aboard Freedom will be large 
enough, and ofsurticient 
qualit)\ to be studied by 
conventional ciystallography. 
Once their three-dimensional 
molecular stnicturc has been 
determmed, these new 
products may be synthesized 
on Hanh through bioengi 
neermg techniques, and steps 
can be taken to alter, en- 
hance, or eliminate the 
protein ertects in the human 
body. There are potential 
applications to the treatment 
ofhuMian diseases and 
disorders, and to organ 
transplants and implants. 

Other fundamental areas 
of investigation to be 
explored within Freedc^n's 
laboraton module include 
properties of pure metals, 
segregation effects in alloy 
solidification, the microstnic- 
ture of castings, nucleation 
and growth phenomena in 
the absence of container- wall 
effects, and the process of 
rapid solidification of highly 
undercooled melts. For 
example, the formation of 
dendrites — whisker-like 
growths similar to staictures 
found in snow Hakes — may be 
studied in detail. Dendritic 
growth is an important 
feature of solidification, with 
implications for the strength 
of castings. The high 
vacuum of space also may be 
utilized in metallurgical 
studies. In combination with 
containerless processing, a 
\acuum system offers unique 
opportunities to study metal 
purification and the basic 
properties of ultrapure or 
high corrosive materials. 

The understanding of 
room-temperature and 
cm)genic fluid behavior is 
a key to microgravitx' re- 
search generally, since nearly 
all materials are processed 
in their fluid state. Specific 
experiments performed 
aboard Freedom could 
examine processes and 
phenomena related to 
droplet and bubble dynam- 
ics, phase transitions, capil 




Ability to perform materials sciences investigations, similar to 

those performed here by Byron Lichtenberg on the Spacelab 1 mission, will be 

dramatically enhanced by Space Station Freedom. 



Right: Spacelab 3 payload specialist 
Taylor Wann ma nipufates spfiere in a 
device wliich served as a forerunner 
to a containeriess processing facility 
being developed for Freedom. 

Below: Life sciences Investigations, 
lil(etliis lieart-monitoring 
ediQcardlograph being connected by 
Dr. Rfiea Seddon to Jeffrey Hoffman 
during a Siiuttle mission, will study 
liie effect of microgravily on plant, 
animal and human organisms. 





LiA' processes, forced multi- 
pliasc flows, nucleation and 
cluster phenomena, and 
elect rohydrodynaniic eflects. 
Additional fundamental 
research will provide im* 
provements in measurements 
of themiophysical properties 
and txmiisli data relevant to a 
wide variety of applications, 
including liquid propellant 
storage and tiansfer, micro- 
encapsulation of biomedical 
materials, meteorology, and 
the study of planetan- 
interiors. 

Space Station Freedom 
will give researchers a 
powerful facilit)' for conduct- 
ing research in the micro- 
gravit)' sciences. Micrograv- 
it)' research presents oppor- 
tunities for fundamental 
research advances, some of 
which could have landmarl; 
impacts on science and 
technology'. Six microgravit)' 
facilities planned for Free- 
dom Station's laboraton' 
module arc: 

Biotechnology Facility 
to study the microgravit)' 
^""ts on biological pro- 



cesses and living organisms 
at the cellular level. This 
facility' would pemiit a 
detailed study of the 
response of various cells to 
microgravity imder carefully 
controlled conditions. 

Advanced Protein 
Crystal Growth Facilit}' to 
grow high-qualit)' crystals, to 
obtain the highest degree of 
long range order in the 
crystalline lattice, which 
determines the precision with 
which X-ray crx'stallographers 
can determine the structures 
of these complex biologically 
active molecules. 

Modular Containeriess 
Processing Facility' to 
provide basic support for a 
wide range of experiments 
that require the positioning 
and manipulation of samples 
without physical contact. 
Acoustic, electromagnetic 
and electrostatic tields will 
provide the forces to ma- 
nipulate the sample. Experi- 
ments to b({ performed in 
this facilft)' \vill range from 
tests of theories that describe 



the behaxior of liquid drops 
to the processing of molten 
materials at high tempera 
tures. 

Space Station Fumace 
Facility' for stud\ of -letal 
and allo\ solidification and 
cr\'stal growth with applica 
tions to electronic dexices 
and de\elopment of materials 
with unique or impro\cd 
properties. 

Modular Combustion 
Facility' to study fundamcn 
tal combustion processes and 
phenomena and provide data 
for comoustion related 
applications such as tire 
safety and control and 
advanced tumaces. 

Fluid Physics/Dynamics 
Facility' to provide a better 
understanding of fundamen 
tal fluid behavior w hich is 
essential to developing 
processes that take full 
advantage of the micrograx 
ity* environment, 

Equally important are 
detailed studies in lite 
sciences. Life on Harth, from 
microbe to man, has been 
shaped by gravitational forces 
in vvays that are only now 
beginning to be re\ealed b\ 
space m\'estigations. Previ 
ou> space missions have 
confirmed a complex interac 
tion bety%een gra\ity and life, 
but these ha\e been too 
limited or constrained to 
permit authoritati\e biologi 
cal research. Space Station 
Freedom — offering con - 
trolled examination of a 
variety' of species in long 
duration microgra\ity under 
the skilled supen'ision of a 
resident crew — will present 
research opportunities 
unparalleled in the history of 
life sciences. 

Freed om \ lab( )rat( )ry 
module will permit extraordi- 
nary advances in biology. 
Variable-gravity' research 
conducted aboard Freedom 
will seek to advance our 
knowledge of fundamental 
biological processes. A 
major objective of this 
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Given FreeJum^s vantage point, experiments can be carried out to observe 
Earth's solid surface, atmosphere, oceans and ice deposits. 



research a deeper under 
standing of tlie reiationsiiip 
between gra\it\ and lite, as 
re\ealed tlirougli synergistic 
experimentation across a 
suite of species ranging troisi 
snigle-cell organisms to 
luiman beings. 

In tlic area space 
plnsiolog\, researchers will 
exploit the ambient micro 
gra\ir\' environment, to 
gether with the\ariable 
gra\it\ produced by specialK 
designed research centri 
tuges, to examme the 
plusiological ert'ects oi 
gra\ir\ on mammalian 
systems, especially human 
systems. Kxperimcnts will 
focus on the mechaniMUs b\ 
which grj\it\ mtluenccs 
I' one and muscle, fluid and 
hydrostatic systems, orienta 
tUMi m space, homeostatie 
control, and response to 
en\ironment. Data gleaned 
from these experiments will 
help lift the \eil of mystery 
surrounding human adapta 
tioi) to space flight, a 
necessary feat before extend- 
ing the human presence 



further into the solar sy stem, 
and are expected to ha\e 
wide ranging clinical applica 
; tions on Karth, such as in the 
treatment of bone degrading 
diseases such as osteoporosis. 

Cjra\ir\ plays a key role m 
the development of most, it 
; not ali, biological sy stems. 

I he opportunity to examine 
; microorganisms, plants, and 
; animal species throughout 
1 multiple life cy cles in a 
] microgra\ir\ en\ironment is 
I unprecedented m the history 
I of biology. Kxperiments will 
focus on identity ing the 
organ or site of gra\ity 
reception; determining the 
ertcct of gra\it\ on rcproduc 
tion, de\elopment and 
maturation, and iiuestigating 
physiological responses. In 
particular, this program will 
sp(Misor scientific studies of 
life Mm\ and raised beyond 
Karth. Research in this field 
may ha\e practical applica 
tions for computer scientists. 
The discovery that gra\ir\- 
sensing cells in mammals also 
act as parallel processors 
gives scientists a simple 



; de\ice to study. Kxperiment- 
j ers now hope to produce a 
! dynamic model of a 
I mammaPs neural network, 
I which could be used as a 
\ model to design machines 
t capable of artificial intelli 
! gence. 

j Fxpcrimental modeling of 
I gas gram interactions can 
I also be carried out m 




Mockup of 1.8 meter centrifuge for life 
sciences investigations. 



Freedom's laboratories, with 
application's to the origin of 
litl\ particulariy the cosmic 
historv" of organic molecules 
from the fomiation of 
biogenic elements to their 
incorporation into livinii 
organisms. 

Research on Freedom will 
promote the development of 
a bioregenerativc life-support 




Making use of the Freedom— its crew 
and high sensitive instruments- 
Earth's star, the Sun, can be 
continuously observed* Dynamic Sun- 
Earth relationships, studied from the 
Station, may yield valuable clues 
about the effects of solar phenomena 
O Earth. 



tecl:nolog\ tor use within the 
spacecraft. Fhis .csearch will 
in\estigate the use of plants 
and microorganisms to 
pert'omi in space the same 
functions peiformcd on 
Kaith— production of 
oxygen^ potable water, and 
focKl fVom biological wastes. 
One of the practical beitetits 
of desiixiiimx agricultural 
systems for use in space is 
that it could contribute to 
developing new intensive 
farming practices in extreme 
environments on Fanh. 1 he 
design of small, etiicient 
plant growth chambers ma\ 
also have practical value in 
urban areas, in regions where 
growing conditions are not 
right for a panicular crop, or 
in extreme environments 
such as the Antarctic or 
deserts. And, aside from its 
importance in food produc 
tion, closed ecoU)gical life 
support system research mav 
provide a model of other 
closed environments, such as 
modern insulated houses, 
where plants could act as 
i natural "scnibbers"" to 
1 remove air pollutants. 
1 Freedom's expansive 
; horizontal tniss will provide 
; attachment points for 
! pav loads designed to siudv 
i the Harth and its environ 
ment, the sun, other bodies 
in the solar system and 
cosmic objects. Attachment 
to Freedom Station offers a 
number of advantages, 
including provision of 
electrical power, communica 
tions and some pointing 
capabilitic". furnished by 
Freedom itself, together with 
opportunities for resuppiv of 
consumables and instalment 
exchange by Freedom's 
resident crew. 

NASA has already identi 
tied many promising candi- 
date pay loads that can 
benetit from Freedom's 
orbit, configuration and 
operation. One exciting 
experiment under study is 
Astromag, which would use a 
povverfiil superconducting 
magnet for unravelling 
aspects of mysterious cosmic 
rays and begin an unprece- 



dented studv of the origin 
and evolution of matter in 
the galaxN b\ direct sampling 
of galactic matcriaL I he 
experiment will produce a 
magnetic field one thousand 
times rhe strength of harih's 
magnetic field, lo achieve 
its supercondiictivitv, the 
de\icc will be cooled b^ 
liquid heliimi brought up b\ 
the Shuttle and resupplied 
periodicallv by Freedom's 
crew. 

Freedom will also suppon 
exobiolt)gv and solar system 
research. Freedom provides 
an unprecedented opponu 
nity to collect intact frag 
ments of interplanetaix dust 
panicles, the "fossils" of earK 
solar svstem development, 
and possiblv interstellar 
panicles for post tliglit 
analvsis. For example, a 
Cosmic Dust (Ollec'or, 
attached to Freedom's tniss, 
will snag the finely divided 
solid matter— a substance 
that mav offer clues to the 
origin of the universe. A 
high resolution, Astromciric 
Telescope Facility, designed 
to i^eer deep into the sur 
rounding universe with 
superior pointing accuracv, 
mav also be mounted to 
Freedom's fVame. This 
device will look for planets 
around other stars. 

We are just beginning to 
appreciate the complex and 
highlv volatile Sun Fanh 
relationships. Fquipment 
fiued outside Freedom's 
pressurized modules, such as 
the Solar Terrestrial Obscrva 
tor\, promises to advance our 
understanding of solar 
features and propenies and 
of the ebb and flow of 
electrical plasma, the solar 
w ind east off from the Sun 
before interacting with 
F mh. Other prospective 
attached payloads include a 
Large Area Modular Arrav of 
Reflectors for surveys of 
cosmic X ray sources at low 
resolution and high sensitiv 
it\', and a Pinhole Occulter 
Facilit}' f or mapping of solar 
X-rays. 

Although the manned 
base is onlv a few hundred 



ERIC 



in 



ERIC 



mik's abo\c sea lc\cU it is 
similar in many \\a\s to a 
remote laboratoiy i- Mie 
Arctic. In both case 
transportation across an 
expaiise of space hmits 
laboratory access to a select 
number ot" researchers 
trauied to perform on site 
studies far from most of their 
counterparts. 

Xe\ertheless, through a 
process called "telescience/' 
scientists on the ground will 
be able to interact with their 
experiments and the crew 
on board Freedom and with 
colleagues dispersed on Hanh 
b\ networking through \oice 
communication, computer 
data links, and other com 
munications technologies. 
In this wa\, man\ ongoing 
research actnities on Harth 
can be integrated with 
research ab(urd the Freedom 
Station. No doubt there will 
be moments both in space 
and on Harth when nothing 
more than a touch of 
serendipity sparks e iiiosit\\ 
exploration, and disco\er\". 

Earth Observing System 
in Space 

There is now strong 
e\idcnce for global changes 
m the Karth's atmosphere, 
oceans, and land surfaces, 
caused in part by human 
industrial and agncultural 
acti\it\. I he extent and 
long-term character of these 
global trends ha\e generated 
worldwide concern and led 
to the initiation of interna- 
tional research programs to 
iiuestigate their causes and 
consequences. 

Space technology will pla\ 
a ke\ role in future Harth 
observ ing systems designed 
to study global change. The 
United sStates will provide 
leadership in this area in- 
providing, as part of the 
Freedom program, the first 
polar- orbiting platform to 
become part of the Harth 
Obseiving System (Hos). 
The U.S. platform is sched 
uled to be the first of two 
U.S. platforms for Hos. 
Additional platforms planned 
by KSA and Japan will 

.1 




Above: ESA payload specialist Dr. UIl 
Merbold. shown here, was a crew 
member on Spacelabl. Scientists 
from the U.S. and other nations see 
the Freedom as a nexus to innovation 
and creativity. 



complement the Hos mis- 
sions of the United States 
platforms and ma\ canx out 
other in\estigations. 

Instruments on Freedom's 
U.S. built platform will be 
designed primarily to study 
the Harth\ surface and 
atmosphere. Other instru- 
ments, proposed for place- 
ment on the manned base, 
would measure tropical 
raintall extent and intensity' 
in the tropics, gather aeeu- 
rate wind measurements 
using advanced laser tech- 
niques, and perf orm low - 
latitude surv eys of the Harth's 
surface under a wide \ariety 
of illumination conditions. 



NASA will encourage private sector 
participation In space research aboard 
the Freedom. Charlie Walker, a 
McDonnell Douglas engineer, flew on 
several Shuttle flights In support of 
his company's Continuous Row 
Electrophoresis System. 
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Crysta^growth experiments, like tliis 
one developed by Boeing Aerospace 
for launcli aboard tiie Space Shuttle, 
will be flown on the Freedom. 
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A New Commercial 
Environment 

ExpcriiiKiits aboard 
Apollo, Skylab, the Space 
Shuttle, and Spacelab otlered 
tantalizing glimpses of'wavs 
to use space to create entirek 
new classes of products and 
stimulate major advances in 
ground-based production 
techniques. In consequence, 
a cadre of private companies 
is planning to use l-reedom's 
manned base and platforms, 
all seeking a return from 
space - e n gend e red re s earc h 
and development. In 
addition, cooperative 
goveniment-industrv- 
academic efjbris are contem- 
plated for Freedom, increas- 
ing the bank of science and 
technical data that keeps 
American industry- competi 
tive and aggressive and 
nourishes the free enterprise 
system. 

In the low gra\it\' of 
space, for example, materials 
can be manipulated through 
processes impossible on 
Earth. One U.S. company is 
drawing on results of aca- 
demic and industrial research 
carried aboard previous space 
flights to develop hardware 
for cultivating cn stals in 
space. By minimizing the 
effects of gravit\\ and thereby 
decreasing the number and 
distribution of defects, 
cr\'stals can be grown that are 
larger and more uniform 
than their Earth-grown 
counterparts. These larger, 
purer crv'stals could mean 
faster and more powerful 
computers, data processors, 
and special sensors. 

Small quantities of some 
experimental space produced 
pharmaceuticals will be made 
in space with the resulting 
knowledge applied to 
ground-based production 
methods. Ultrapure, bubble- 
tree glass for use in optical 
instruments, collagen fibers 
to replace injured human 
connective tissues, and heat- 
resistant ceramics for a wide 
range of high-temperature 
applications — all are 
candidate materials that may 
be enhanced by harnessing 



microgravity as a new tool 
for basic and applied lesearch 
in space. 

And in a role similar to 
that of a research laboratory 
on Eanh, Freedom's manned 
base and its associated tree 
flying platforms can be 
utilized to add information 
to an existing data base. 
Other privately funded work 
in Earth remote sensing, 
communications research 
and development, and 
industrial sel^ices is antici 
pated. 

The hard nosed business 
communitA' is looking at the 
commercialization of space 
with guarded optimism. 
This is to be expected since, 
tor the most pan, business is 
attuned to expecting short 
term profit from short term 
investment. No one knows 
how this business philosopln 
w ill be extended into space. 

In this regard it is instnic- 
tive to look at w hat other 
nations are doMig. In Japan, 
Germany, and France, for 
example, industn govern 
ment teams are formulating 
broadly based programs in 
microgravitA' research and 
other space seiviccs, such as 
remote sensing of the Earth. 
Teams of Soviet cosmonauts 
in their Mir space station 
already have processed the 
first industrial specimens of 
semiconductor materials in 
orbit. A stated Soviet goal 
tor 1990 is to acquire large 
quantities of made-in-space 
semiconductor material for 
app'ication in super- high- 
speed and super- large 
integrated circuits for 
infrared and laser technol 
og\ ; dedicated modules for 
carrving out this work are to 
be docked to the Mir. 

Thus, as other nations cast 
an eye toward commercializ 
ing the vast potential of 
space, U.S. companies must 
take care not to be left 
behind at the launch pad. 
Although the risks for quick 
return on investments in 
space are high, the long term 
payoff for opening the 
economic frontier of space 
may be substantial. 
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ING IN 



he co/y common areas inside 
Freedom's habitation 
module feature a wide 
selection of out of-rlm world 
amenities. One end has areas 
for quiet time and personal 
activities At the opposite 
end IS an area for sociali/mg 
Through a nearbv window 
the crew tan observe tl.j 
eaithscape tleeting b\, with a 
sunset or sunrise OLCurring 
even 45 minutes. 

BetAveen the two living 
areas are the waste manage- 
ment and personal lugiene 
facilities. Simple tasks like 
washing hands are greatK 
compounded in the micro 
gra\it\ world t)f space. Oew 
members therefore will wash 
their hands in cylindrical 
plastic bubbles outfitted with 
lioles rimmed with curts. A 
shower stall provides a 
Combination of flowing air 
and warm water to take oft' a 
da\'s accumulated grit and 
grime, A combination 
washer-dr\'er for clothing is 
currently under design. 

An environmental-control 
and life-support system will 
provide the crew with a 
breathable atmosphere, 
suppK water for drinking, 
bathing, and food prepara- 
tion, remove contaminants 
from the air, and process 
biological w astes. The 
svstem will be partially 
wK>SLd, thus permitting uatcr 
and carbon dioudc to be 
rcLuvercd and processed to 
provide ovvgen, potable 
water, and hvgiene water for 
the crew's reuse. 

Dining under the stars 
takes on new meaning 
aboard Treedorn. A table 
and the proper restraining 
devices accommodate all the 
crew; With a refrigerator- 
freezer, a mitrovvav e, and 




/ / 
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Habitation module will include 
exercise equipment to maintain 
cardiovascular fitness, and work 
control stations. 
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c^iincntiDiial u\cn on buaid, 
meals will be a t'ai cl^ tVum 
the Tuud sqiicc/cd out of 
toothpaste like tubes during 
space flights in the I96()s. 
NASA dieticians, iheieroic, 
are putting together a \astl\ 
expanded menu drawing on 
frozen entrees, refrigerated 
items, stable shelf foods, and 
axariet) ofbexerages. For a 
change of pace, ethnic foods 
will be scl^cd; a surprise 
biithday cake can e\cn be 
whipped up in the gallc\. 
After the meal is finished, a 
compactor will cnish trash, 
including disposable cooking 
and eating utensils, uito 
manageable sizes for storage 
and later transfer to Kaith. 

Staying Healthy in Space 

"Is there a doctor in the 
house?" When you're far 
remoxcd from Hanh, the 
quciy takes on new meaning. 
No longer required to pump 
blood against the pull of 
gra\it\, muscles atroph\ and 
the heaiT gets laz\ in space. 
Weightlessness can \lso cau>e 
tcmporan motion sukncss 
with accompammg disoricn 
tation. In flights lasting 
longer than a month, a 
significant percentage of red 
blood cells arc destroyed, a 
form of space anemia not yet 
understood. Sickness and 
disease arc easily spread in 
close qiiancrs; potential 
bouts with injur\\ psycho 
logical trauma, exhaustion, 
and depression must also be 
anticipated. 

To maintain physical 
fitness each crew* member 
will go through rvvo 45- 
minutc, individualized 
exercise programs a day 
using the treadmills and 
stationaiy bicycles in the 
habitation module. In 
addition, a Health Mainte- 
nance Facilitx' (HMH) in the 
module will scivc as an on 
board sick bay. There, illness 
or minor injuries can be 
treated, or a more seriously 
injured crew member can be 
stabilized. 

A compact package of 
diagnostic and therapeutic 
medical hardware neativ 
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I tucked into I 5 cubiL meters 
1 53 Liibic fcLt, of space and 
weighing a modest 545 
kilograms ( 1,200 pounds), 
the HMF holds a micro 
scope, clinical chemistries 
analy/er, radiographic 
imager, and hematology 
laboratoiy de\icc. Also in 
this electronic doctor's bag 
are a patient restraint system 
and tools for peiforming 
minor surger\- and dental 
procedures and administer- 
ing anesthesia A data 
displa\ screen isaxailable for 
reading the x arious instni- 
ments. A computeri/ed data 
base, tied to the HMF and 
downlinked to a consultant 
netw ork of physicians, 
ensures speedy access by 
ground -based doctors to 
integrated medical informa 
tion. 

Because there won't be 
room aboard Freedom tor an 
cxtensi\e libraiy of medical 
rcferc.icc books, researchers 
at the Johnson Space (.enter 
arc dc\ eloping a medical 
operations data base foi use 
aboard the manned basv. 
Researchers at the Unuersit) 
of Flonda, under contract to 
NASA, also arc de\ eloping a 
mi crocompu tcr- based 
medical decision support 
system that can present a 
small libraiy of essential 
medical know ledge to 
medical personnel on 
Freedom Station. Aside 
from its use in space, such a 
computerized medical libraiy 
could ultimately be put on 
laser disks and be made 
available to physicians in any 
ofllce with a personal 
computer. 

Privacy in Space 

Each astronaut w ill be 
assigned a sound-proofed 
compartment measuring 
about 4.2 cubic meters (150 
cubic feet), which the 
astronaut can decorate 
according to his or her taste. 
In this nook, a little larger 
than a train berth, will be a 
TV set, a video playback 
unit, and stereo system; 
telephone and video links 
will permit private conversa- 
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Multi-purpose activity table where 
crewswill eat, work and relax is 
shown in module mockup at MSFC. 
Observation windows and video 
monitors will be located throughout 
Freedom's modules. 




Freedom's crew members will have 
individualized compartments located 
in the habitation module. Each of the 
private rooms will be outfitted with a 
TV set, stereo system and possibly a 
computer terminal for entertainment 
and work. Crew members will sleep 
in a bag hung vertically on the wall. 




Exercise programs include use of a 
treadmill to avoid deconditioning of 
the cardiovascular system during 
extended stays in space. Here, 
astronaut Guion Bluford runs on a 
treadmill during a 1983 Shuttle flight. 
O 



Mockup of the Health Maintenance 
Facility at JSC. This electronic 
version of a doctor's bag will help 
maintain the health and safety of the 
Station's crew. 
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To supplement the Station's on-board 
safety features. NASA is examining 
concepts, such as the one shown here, 
for an emergency crev/ rbiurn vehicle. 




Earth observation window, shown here 
in habitation module mockup at JSC, 
would provide an Ideal perspective of 
the world as well as possible view of 
exterior activities. 




Washing hands in microgravity will be 
aided by this device now in 
development. Located in Freedom's 
galley area, the clam-shell type 
device also permits the scrubbing of 
utensils. 




Mockup OT Freedom's galley, or 
kitchen, in JSC mockup of habitation 
module. 



tu)ivs With tamihcs and 
friends [\\K.k on l.aitli. Tlu 
prixatc quaitLis will also Ix 
equipped with a Lomputci 
tcrmiiia! ilial the astronaut 
can use for cnlcitainiiKnl, 
report w riting, ot MiiipK 
updating a daily log. 

A sleeping bag hung 
\erticalh on a wall will sei\e 
as the astronaut's bed. Once 
the astiouaut climbs into the 
bau to go Tf> sleep el.istte 



2Z 



Iiupailiiig the feeling of a 
bod\ l\inu hori/ontalK on a 
bed. 

Safety in Space 

11k t(>nv«.pr <»t sate ha\cii 
IS HKorpoiated in 1 reedi»m's 
design Special cueum 
stances — a tire or explosion 
within a module, a microme 
teoritc, or a eluink of space 
debris slicing through the 
h'eedonrs hull — could 
place crew members in 
jeopards. At least two 
separate parts of the facility, 
therefore, will be designated 
as spots w here crew members 
tan gat he I u* assess an 
emergenc\ and then take 
appropriate action. 

At present, NASA is 
examining wa\s to deal with 
emergencies aboaid 1 rccdoni 
that do not fall uithin the 
capabilities of safet\ designs 
or the safe ha\en philosoplu, 
such as an extended down 
time f\)i the Shuttle, oi a 
medical emeigencj^ onboard 
that cannot be treated in the 
HMF 

()»ci the Ucil Uu »cais, 
NASA w ill examine the use 
of (!rew Kmeruencv Return 
Vehicles ((:KR\'s),"as well as 
alternati\es for human 
transportation to and from 
Freedom. Under the (IKRV 
concept, a spacecraft would 
always be located at the 
manned bnse to exacuato 
crew members on a 
moment's notice and return 
them safely to Haith. A 
Space Shuttle, or some other 
type of manned \ehicle that 
could be launched when 
needed, is also being e\am 
ined. 
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FULFILLED 



or hundreds ol years the idea 
ol an orbiting facilin in space 
has fueled the fantasies ol" 
writers, scientists, and 
cniiinecrs. Not until the 
lircat burst of scientilie 
acti\it\ markinii the turn of 
the 20th centuiy, ho\\e\er, 
did the fust tmlv thoujihtful, 
pr()\oCati\e concepts for a 
space station emerge. 
Penned nuKstly b\ scientists 
and engineers, not one 
postulated a station in space 
as an end in itself. 

Instead, the visionaries 
saw space stations as seiving 
enduring purposes: enlarging 
our understanding of the 
cosmos, scivieing Haith, and 
proxiding a w ay station to 
worlds beyond. In Russia, 
scientist Konstantin "fsi 
olk()\sky clearly spelled out 
the possibility of orbital 
stations forming the hcait of 
a program of space Conquest 
that would e\cntually lead to 
"cities in space/* To this day, 
So\iet exploits have kept 
ali\e Tsiolk(>\sky\ assertion 
that "the planet is the cradle 
of mankind, but one cannot 
spend one\s lile in a cradle/' 

The Space Era is Launched 

On October 4, 1957, 
when the So\iet\ Spntuik I 
nimbled skyward to give 
birth to the Space Age, the 
stulfof science liction mo\ed 
a notch closer to becoming 
science fict. With the 
creation of the National 
Aeronautics and Space 
Administration in 1958. 
American ci\ilian space 
planning efforts were eentral- 
i/ed, and the United States 
set out to become the lead 
space taring nation in the 



The Apollo program achieved the goal 
of landing a man on the Moon and 
returning him safely to Earth. Twelve 
men wail(ed on the fVIoon during 
Apollo. Oneof the last to visit the 
Moon was Apollo 17 scientist- 
astronaut Harrison Schmitt shown 
here next to a deployed U.S. flag. The 
Earth, 240,000 miles away, Is visible 
in thebacl(ground. 
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Wiirld. One \LMr Liter* .111 
enibnonic Np.ke iiuliiMrv, 
coupled with NASA, beg.111 
dcMgn studies nl a manned 
space labnraton; soon t*) 
bect»nic popularK known as 
a space statu >n. 

The Challenge of Apollo 

On Ma\ 25, 
President Joh.i \\ Kennedy 
launched the Apollo pro 
gram« calling on the nation 
to "commit itself to achie\ 
ini; the goal, before this 
decade is out, of landing a 
man on the Moon and 
returnmg him safeK to 
hanh/' 

Kennedy's call also 
gal\ani/cd strong suppon for 
an Harth orbit rendezvous. 



that is, using a space station 
as a staging base for a Ilight 
to the *\Ioon. As an added 
bonus, the station was to 
remain in place alter the 
lunar landing. Within 10 
\ears, e\erv major new 
pr*)gram being proposed lor 
space was dependent on a 
space station, 

Numemus designs were 
tillered. rhe\ ranged from 
\er\ large stations placed in 
orbit b\ giant boosters to 
inflatable balloon like 
stnictures, retrofitted rocket 
stages, and cannistcrs 
arranged in a spoke conligu 
ration that were then spun to 
create *'.nilicial gra\it\ inside. 

hxentualK, limited funds 
and the President's deadline 

O 



led t*» an aiternati\e approach 
lor the Apollo program, a 
take c»irfrom haah to be 
followed b\ a lunar orbit 
rende/\ous, with one 
astronaut orbiting the jon 
as two others landed on the 
Moon and explored it. 

The Legacy of Skylab 

Sk\lab was the first 
American experimental space 
station t*> be built. Iniraish 
ing a wealth t>f experience 
between 1973 and 1974, 
Sk\lab achiexed its funda 
mental objective, to deter 
mine human ability to adapt 
to prolonged weightlessness. 
Oxer 270 multidisciphnarv 
nnestigations conducted In 
Skylab also provided un 



prcccdcnicd v)Lir ol^cna 
lidiis, ImhIi resource studies, 
nnd tests of space manulac 
uiriny techiiKiues. 

\\u relinked from tlic 
\ersaiile Station now under 
w jy, this modest orbital 
workshop was actually a 
C(»n\ cried, leftover, Saturn 
V third staye uscd to launch 
the Apollo astronauts to the 
Moon. Astronauts were 
llown to and from the 
9 KuuO kilogram { 100 ton^ 
orbiting laboratoiy, the si/e 
of a three room house, in a 
small Apollo spacecraft, a 
iransportation system hmitcd 
to single up and-dow n trips. 
To this day, Skylab\ dimen 
sions, which encompassed 
353 cubic meters ( 12,700 
O 



Original Mercury astronauts were announced on May 8. 1961. left to right: 
Donald Slaylon. Waiter Sciiirra, Gordon Cooper. Scott Carpenter, Virgil Grissom. 
Jotin Glenn and Alan Siiepard. 




Dr. Wcrntier von Braun contemplated use of large space stations in ttie 1950*s to 
support exploratory treks to tiie Moon and to help send off spaceships to Mars. 




An Atlas booster roars off its Florida launch pad carrying Scott Carpenter on 
Mercury-Atlas 9. The Mercury program opened wide the doors to space 
exploration by humans. 
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cubic feet) of work area 
along its SS-meter ( 1 17- 
foot) length, exceed those of 
any U.S. or Soviet manned 
spacecraft. 

Skylab was not designed 
to suppf)rt a permanent 
human presence in Eaith 
orbit. During its lifetime, 
three separate teams of three 
astronauts each took up 
residence on Skylab for a 
total of 171 days, 13 hours, 
and 14 minutes, and took 
nine space walks totalling 41 
hours, 46 minutes. They 
demonstrated that spending 
up to 84 days in space 
presented minimal physical 
or psychological problems. 
They also found that scien- 
tist-astronauts could function 
almost normally in a micro- 
gravm' environment, work- 
mg in tandem with ground 
scientists and performing 
major assembly and repair 
tasks. 

The Next Logical Step 

Subsequently, the inaugu- 
ral flights of the Space 
Shuttle program showed that 
large stmctures could be 
built in space, with the 
Shuttle capable of ferr\'ing 
the supplies and crew 
between Harth-orbit and 
haith. Together with the 
Apollo and Skvlab triumphs, 
all these space acct)mplish 
ments gave credence to the 
words of America's rocket 
pioneer, Robert \V. Goddard: 
'"Real progress is not a leap 
in the dark, but a succession 
of logical steps," 

On Januaiy 25, 1984, in 
his State-of-the-Union 
message. President Ronald 
Reagan committed the 
nation to building and 
inhabiting a space station. 
Reagan foresaw the space 
station as one way to stimu- 
late quantum leaps in 
science, comniuiiicaiuMiN, 
and the development of new 
metals and pharmaceuticals. 
He also appealed to the best 
of our c()llecti\e instincts, 
using the occasion to invite 
our allies to "help us meet 
these challenges and share in 
the benefits" posed by a 
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Manned access to space came of age with the reusable Space Shuttle. At the 
end of the Apollo program, NASA planners proposed developing the Shuttle and 
the Freedom as a matched pair, providing the necessary infrastructure to carry 
out ambitious manned and unmanned missions in the next century. 



space station. This interna- 
tional invitation opened the 
w ay for other nations to 
share in the exciting scien- 
tific, technical, and commer 
cially profitable enterprises 
that lie ahead. 

NASA thereupon estab 
lished internal task force 
teams, along w ith teams 
from major NASA contrac 
tors, to define the basic 
architecture of a space 
station. The first major 
studies led lo se\eral key 
decisions: 

• A space station can be 
used as both a technological 
research center and a scien 
tific laboratory'. 

• A space station can be 
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adapted to a w ide array of 
space operations and mis- 
sions, some foreseeable and 
others yet unknow n. 

* Reusable space trans- 
portation, such as the Space 
Shuttle, proxides the essen- 
tial means for tmcking parts 
of a space station into space, 
and for rotating its crew.s and 
supplies. 

♦ With a Space Shuttle in 
operation, we ha\e a way to 
constmct and add on to a 
space station in stages. 

Power Towers and Dual Keels 

One of the first good 
candidates for a space station 
configuration that could 
e\()lve over time came to be 




Top: Astronauts will assemble the 
Freedom over the course o{ 20 
separate Shuttle flights. Assembly 
concepts were demonstrated usina 
experiments called EASE and ACCESS* 
which were assembled in space by 
Shuttle astronauts. 

Above: In response to user needs, the 
dual keel configuration was adopted. 
It provided a better microgravity 
environment, structural stiffness and 
structure for attached payloads. 




known a.s tlic "power tower." 
Its name niatclied its look: a 
girder 136 meters (450 feet^ 
long that would circle the 
globe in a gravit\'«gradicnt 
attitude. Pressurized labora- 
torv" modules, serv ice sheds, 
and docking ports were to be 
placed on the end always 
pointing downward; instni 
ments For celestial obserxa- 
tion would be mounted 
sknvard, and the solar power 
arrays were to be mounted 
on a perpendicular boom, 
haltAvay up the tow er. 

After intensive review, the 
power lower was supplanted 
by a double tmss, rectangu 
lar-shaped arrangement that 
shortened the height of the 
space station to 91 meters 
(300 feet). This "dual-keel" 
design made for a stronger 
frame, thus better dampen- 
ing the oscillations expected 
during operations. The 
design also would move the 
laboratory* modules to the 
station's center of gravit\" to 
allow public and pri\ate 
sector scientists and materi- 
als-processing researchers to 
work near the qualit\' 
microgravit)' zone in the 
station. Finally, the dual keel 
offered a far larger area for 
positioning facilities, attach* 
ing payloads, and vStoring 
supplies and parts. 




A number of designs were evahiated 
before selecting the configuration of 
today. Among them, shown here, was 
the power tower. 



BUILDING 
A WAY STATION 
TO WORLDS 
BEYOND 



() maintain tight control over 
costs, engineers arc taking an 
cxolutionar)' approach to 
building Space Station 
Freedom. The baseline 
program includes the L\S. 
elements, international 
components, and two 
unmanned platforms. The 
next phase will bring in 
additional capabili ties . 
Observers on the ground will 
witness the construction of 
Freedom as it grows from a 
small to a brilliant dot 
crossing the night sky. 

The heart of Freedom's 
manned base will be a 
horizontal boom stmcture, 
154 meters <508 feet) long. 
Four special-purpose mod- 
ules — two L\S., one 
Huropean, and one Japanese 
— will subsequently be 
attached to the boom at 
midpoint. Kach module will 
ha\e an atmosphere nearly 
identical to Earth\s: 80 
percent nitrogen and 20 
percent oxygen kept at sea- 
lex el pressure. In these 
modules, eight men and 
women will superintend the 
space complex, perform 
e\pe ri men ts, main tain 
equipment, handle repairs, 
eat, sleep, and relax. 

It will take 20 Shuttle 
trips o\cr 3 years to as- 
semble, outfit, and logisti- 
cally support the manned 
base. Assembly of Space 
Station Freedom in orbit will 
be a challenge of enormous 
proportions, however the 
task will bla/e the trail for 
ambitious missions in the 
future which will require on- 
orbit assembly, test, checkout 
and operation. Where 
possible, flight elements will 



Freedcm baseline configuration. 
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Canada's contribution to Freedom, th3 Mobile Semcing System, is essential in assembly, maintenance and servicing of 
Freedom's systems and payloads. ,.,,..->^. ^ 



be tit checked on the ground 
before they are carried into 
orbit aboard the Shuttle. 
High -fidelity" niockups and 
electronic simulators will be 
used to ensure the compati- 
bilit)" of elements that cannot 
be tested on the ground. 

The first Shuttle flight 
carry ing elements of Space 
Station Freedom will be 
launched into orbit about 
1995 from the Kennedy 
Space (xMiter in Florida. It 
will consist of a collection of 
linkable stmts made of 
strong, yet lightweight 
composite material, one set 
of solar arrays and the 
necessar\" electronic compo- 
nents to make it capable of 
operating as a fully-function- 
ing, independent spacecraft 
after the Shuttle has returned 
to Farth. During the flight, 
an astronaut construction 
team w ill piece the trusses 
together in Tinker- Toy 
fashion, and then deposit the 
assembled structure in space. 

Other basic elements of 
Freedom, such as airlocks, 
the pressurized modules. 



control s\ stems, and remain 
ing solar panels, will then be 
ferried up on subsequent 
flights. Once Freedom has 
been permanently occupied, 
logistics modules will be 
interchanged at regular 
internals, approximately ever\" 
other Shuttle flight, until the 
assembly task has been 
completed. These modules 
will sene a.s a deli\er\" system 
and holding area for experi- 
ments, equipment, food, 
supplies, and propellants and 
other critical items needed to 
sustain Freedom and its crew. 

Two polar platfoniL^, one 
developed by the United 
States and the other b\ the 
F'uropean Space Agency, will 
also be boosted into orbit in 
the mid 1990s. The U.S. 
platform will be launched 
from the Vandenberg 
Western Test llange in 
C'alitbrnia; the HSA platform 
will be lofted by France's 
Ariane rocket from Korou, 
French Guiana. The plat 
forms will circle Farth from 
pole to pole. One will fly 
over the equator at the same 



MILESTONE FLIGHTS 




FIRST ELEMENT LAUNCH 




MAN TENDED CAPABILITY 




PERMANENTLY MANNED CAPABILITY 




ASSEMBLY CDMPLETE 



Computer-drawn Images of major 
milestones during the assembly of the 
Space Station Freedom. 
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inienor concept of the iaboratorv modules where Freedom s crews mii work. 
Crew members are shown working on a modular experiment rack, moniioring 
experiment status at a worksiaiicn, and instaittng btOiOgicai sampies inio the 
floor-mounted centrifuge, i.-*-.** 




Interior concept of the habitation moauie. Galley and hygiene facilities are m , 
forward end of the module, while individual crew compartments are toward the 



rear. 




Logistics modules will be used to bring experiments, supplies and perishable 
Items to the Station. : - .-.a. 



local time, morning and 
niglit, and the other will 
cross the equator at another 
local time, afternoon and 
night. Data collected In 
instnniients aboard 
Freedom's unmanned Earth 
observers \\ ill enable scien 
tists to study the intricate 
interaction of the oceans, 
land masses and atmosphere, 
and solar phenomena on (r.ir 
planet's emironment. 

During the earh stages of 
assenibh, a U.S. made Flight 
Telerobotic S\stem will aid 
in the construction of the 
manned base. A Canadian 
built Mobile Servicing 
?v^^':m (MSS), equipped 



with a manipulator arm, will 
also be installed to assist in 
Freedom's assemblv The 
MSS is based on expertise 
acquired in creating ( ana 
darm, the \ersatile robot arm 
used e\tensi\el\ in U S, 
Space Shuttle missions. The 
MSS's robot arm will 
perfomi jobs controlled from 
work stations situated both 
inside and outside Freedom's 
pressurized modules. This 
arm will reduce the need for 
space walks, and exentualK 
help depUn, dock, and 
redepio) a \isiting Shuttle 
orbiter, assemble, retrie\e, 
and transport payloads 
around the Freedom station, 




Growth phase of the Space Station 
Freedom, as currently envisioned by 
NASA, Includes upper and lower keel 
structures, solar dynamic power 
system, a servicing bay and a co- 
orbiting unmanned platform (not 
shown). - 



The U.S. polar-orbiting umanned 
platform is an integral part of the 
) Freedom program. The tree liye: w *i 
I carry a variety ol Eanh observaiior. 
instrumeflis as paa of an exiensive 
program to study the Earth as a 
system. : • - - . - 



Close-up artist s concept of a Shuttle 
orbiter docked to the Freedom. 
Canadian robot arm is shown on 
mobile base. Sky-viewing 
instruments are monnterf an a pallet- 
structure situated on the upper face 
the Station's truss 
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and position astronauts for 
access to its \arious parts. 
Mounted atop a NASA built 
flatcar, to be de\eloped in a 
future phase of the Freedom 
program, the MSS will be 
able to move along 
Freedom's e\tensi\e truss 
structure. 

Two of the pressurized 
modules that will be attached 
to the horizontal boom are 
being supplied by the United 
States. One will serve as a 
laboratory, the other as a 
Iningarea. Fach module 
will be taken up indi\iduall\ 
into space mside the 
Shuttle's cargo ba\. Astro 
nauts, assisted b\ the ma 
mpulator arm, will remove 
the modules from the Shuttle 
and secure them m their 

I propel loeations on the 
Freedom station's tmsswork. 

l:ach U.S. nujdule is 
nearK 13.6 meters ^45 feet) 
long and about 4.5 meters 
\ 15 feet / in diameter. FarK 
m the assembh sequenee, the 

j laboratory module will be 
positioned on Freedom \s 

I supporting frame. With this 



first module in plaee, astui 
nauts can start equipping the 
laboratoI^ to earr\ out 
experiments v\hile the 
Shuttle is doeked, periods 
which eould extend from two 
weeks to a month. A Space 
Shuttle will deposit the 
habitation module at the 
orbiting construction site 
several flights later. With the 
addition of the forvxard 
nodes and logistics module. 
Freedom xxillbe readx for 
permanent oceupation. 

The Japanese and Furo- 
pean modules, slightlx 
smaller than their Ameriean 
eounterparts, are seheduled 
to arrixe, respeetixelx, after 
Freedom is permanentlx 
staued. The Japanese 
Fxperi mental Module iJFM) 
vxill aeeommodate seientiiie 
and teehnologieal develop 
I ment research, including 
j mierogravitx experiments. A 
I spaee exposed dcek vxill hold 
j a vanetx of experiments that 
j ean be reached b\ a manipu 
j latorarm. The JFM will 

inelude a detaehable, experi- 
i ment logisties module that 

29 



er|c 



would h()ld consumable 
goods, cxpcriuicinal spcci* 
mens, and xarious kinds of 
gases tor the Japanese 
l:\peiiment Module. This 
logLsucs cannister can be 
hauled mto orbit aboard the 
Shuttle, oi by a Japanese 
expendable launch \ehicle 
which will be operational bv 
the mid 199(}s. 

HSA\ design for a peniia- 
nentlv ntached laboratoiy 
moduk -s based on Spacelab, 
Its contribution to the Space 
Shuttle program. Spacelab 
has successfulK flown se\eral 
times in the cargo bay of a 
Space Shuttle. Derived from 
that design, the HSA module 
Will consist of four cylindrical 
segments forming a pressur- 
ized module. Once it is per- 
manenth' attached, the HSA 
laboratoiy module will 
become a research site for 
crews to peiform experi- 
ments in the physics of 
fluids, life sciences, and 
materials research. At that 
point, the basic foundation 
for living, working, and 
studying aboard Space 
Station Freedom will be in 
place. 

HSA is also de\ eloping, as 
pan of its contribution to 
Space Station Freedom, a 
Man Tended Hree Hlyer 
(MTHH) to be made up of 
two Spacelab segments and a 
resource module that hokls 
supplies. The MTFF will 
function independently of 
the manned base. 

As a self-contained 
automatic laboratory' circling 
Harth, this spacecraft could 
produce space-grown crv'stals 
and other specialized materi- 
als in an undisturbed envi- 
ronment. Hxchanging the 
hard est of MTFF-prodiiced 
products with raw stock 
would be handled by 
Freedom's crew. Space 
Shuttle astronauts, or the 
crew of the Huropean space 
plane Hermes, now under 
development. 

Freedom's crew members 
will move between the 
various modules through 
four interconnecting re- 
source nodes, or sets of 
pressurized cylinders. The 




Mockup of cupola, which will give astronauts a panoramic view for scientific and 
operational observations. ,cc.-*s,^v':c«^.oo^^ 




The Shuttle, as it might appear 
preparing to dock with the Freedom, 
provides the means to incrementaiiy 
construct the facility, resuppiy it and 
rotate its onboard researchers. 




Detailed model of the Japanese 
Experiment Module. The JEM features 
a pressurized laboratory module, 
exposed workdeck and robot arm. 
The smaller module on top is an 
experiment logistics module. 





Freedom resource nodes will connect the habitat and laboratory modules. 
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nodes arc spacious and 
oiitfirrcd with command- 
static) ns> control work 
stations, and other hardware. 
The forward nodes will 
contain the prima r\' and 
backup dockint; poits for 
Shuttle orbiters. 

Two nodes arc fitted with 
airlocks through which 
astronauts can leave for work 
outside Prccdom\s pressur- 
ized modules. The foiAvard 
nodes are sure to be a 
favorite lookout point. With 
two windowed cupolas, one 
looking toward Haith and * 
the other looking outward to 
space, they oft'er on-top-of- 
the-world sightseeing at its 
Ixst. The panoramic view of 
all space above and below 
the manned base will permit 
astronauts to monitor an 
incoming Shuttle, guide 
robot arms performing 
external payload assembly or 
maintenance tasks, conduct 
scientific observations, and 
obscrvx* fellow crew members 
on EVAs. 

Electric power for 
Freedom's manned base will 
^^'^ : from arrays of soiar 



ESA is providing several elements to 
the Freedom program, including a 
permanently-attaclied laboratory 
module like the one shown here. 
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Artist's concept of Freedom baseline 
configuration. ^ ^ , 



cells, w hich are deplo\ed 
from the power modules 
located on the ends of the 
horizontal boom. I'he four 
outstretched solar arrays at 
each end of the boom 
contain a total of about a 
half acre of solar cells. The 
solar arrays provide all the 
power needs during the 
sunlit portions of an orbit. 
In addition, they provide 
electric pi)wer to charge 
batteries which then provide 
all the power needs during 
the dark portions of each 
orbit. Together, the solar 
arrays and batteries will be 
able to provide 75,000 watts 
of electricity, enough to 
power about 25 all-electric 
homes on Harth. The largest 
electric power level required 
in space to date, it w ill 
support all the housekeeping 
loads as well as the p(Aver 
needs of scientific equip- 
ment, computers, communi 
cations equipment, and 
equipment such as materials* 
processing furnaces. 

Regular visits to Freedom 
by the Space Shuttle will 
bring new crew members, 



visiting scientists and a 
logistics module, loaded with 
new supplies, to exchange 
with the logistics module 
alreadx in place. To further 
sustain the l^reedom station 
with new^ supplies and 
experiments, unmanned 
rockets, possibly including 
Japanese or Huropean 
boosters, may also be 
commissioned. 

Recently, with their space 
laboratoiv Mir, the Soviets 
have sho An that humans can 
live and work in space for 
almost a year without the 
benefit of artificial gravity. 
NASA plans to have the crew 
members seive tours of duty 
on Freed om that will 
gradually expand from 90 to 
1 80 days as more is learned 
about the physiological 
effects of prolonged weight 
lessness. 

Space Station Freedom, 
which NASA and its partners 
will assemble in space, will be 
much more than a collection 
of Harth circling girders and 
cylinders housing hard 
working astronauts and 
scientists. It is also a com 
mitment to the bold pursuit 
of sci nific knowledge, 
technological prowess, and 
new commerce — all ingre 
dients essential to meeting 
the demands and opportuni 
ties of the 2 1st ccntuiv. 
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MECHANICS 



he impa<.i of a pcmiancniK 
<jcLUpicd spate station will 
be felt from its abilitx to 
support the seiMeiiiixof 
scieiititic platforms and 
satellites m space. !1ie first 
on orbit repair took place in 
1972 during the Sk\lab 
program 1-Aen more 
aibitioiis missions ha\e been 
aecomphshcd from the 
Shuttle, I1ie Leasat eommu- 
nications satellite and the 
Ncientitie Sun watcher. Solar 
Max were also repaired m 
orbit and put back into 
seiMce. 

As a result, new genera 
tions of spacecraft are being 
built specifically for space 
tune lip and clungeout. 
Earning critical, replaceable 
hardware, the\ include the 
great obsenatories — the 
Hubble Space Telescope, the 
Ciamma Ra\' Obsena^oiy, the 
Ad\anced X-Ray Astrophys- 
ics Facility, and the Space 
Infiaied Telescope Facility' — 
all e\pensi\e eyes on the 
uni\eise being readied for 
operation o\er extended 
lifetimes. 

In time, astronauts 
controlling a Freedom -based 
unmanned robotic tugboat, 
called an Orbital Maneuver- 
ing Vehicle (OaMV), will be 
able to retrie\e spacecraft 
from o\er a thousand miles 
awa\. Once the spacecraft is 
retriexed, a space -suited crew 
will replenish fuels and vital 
liquids, and overhaul, add to, 
and adjust ecjuipment on the 
spacecraft. Space assets 
which may benefit from this 
capabilitx range from 
scientific instruments rixcd to 
Freedom's tnisswork, to 
unmanned materials process- 
ing platforms orbiting within 
range of the manned base, to 
the large astronomical 

Artist's concept ot tlie Hubble Space 

Telescope after deployment from tlie 
Stiuttle. Ttie HST, as well as ottier 
large astronomic facilities, are 
candidates for on-orbit servicing 
supported by Freedom. 




The mulll armed Flight Telerobollc Servicer Mill be used to assist astronauts m the assembly ol Freedom, and will help 
maintain scientific instruments located on the complex. 
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obsci>.uorics planned lor 
dc\clopmcnt in the coming 

It a small component 
fetched Ironi a disabled 
spaccLiaft requires detailed 
work, astronauts will can) n 
Mito one of 1 ivcdom\ 
laboratoi\ modules \ia an 
airlock. I hen, in the Lom 
Ion ofa shm slee\e atmos 
pheie, a licw member sitting 
at a work bench will solder, 
tcM, «)r changc«)ut printed 
ciiLuit boards. The \crsatilc 
C)M\' will then pr«)pel the 
«)\erhauled spacecratt back 
int«) «)rbit. 

lTeed«)nrs crew will also 
be able t«> perform repairs in 
space, positioning thLmsthts 
and the satellites they are 
sLn icing in limitless oricnta 
lion,s. Indeed, with appro 
priate t«)«)ls and restraints, 
liuman beings ean sometimes 
work as elFeetively in space as 
on Harth. Special spaeesuits, 
ea.sy to maintain on board 
the Freedom st.nion, are 
therefore being designed to 



endure from 2()()() to MHU) 
hours of e\tra\ehicular 
acti\ ity { h\'A ) a year, ten 
times longer than all h\V\s 
conducted to date. Once 
inside the high pressure suit, 
an astronaut can mo\e in and 
out of space rapidh without 
the time consuming pic 
breathing session currently 
required to nd the blood 
stream of nitrogen when 
shifting from a high to a 
low pressure ciniionnient. 

Supplementing Human 
Ingenuity 

Automation and robotic 
applications can pnnide 
reliabilit), precision, and a 
tireless capacU\ to peiloini 
routine, repetitive, and 
sometimes high \\sk tasks. 
Past space e\pk)its, however, 
show that human ingenuity 
is nccessaiy to c\ aUiate a 
situation, develop a c«)ursc of 
action, and implement a 
plan. Often such human 
intenention has made the 
ditrercnee between the failure 




High-pressure space suits, sucii as 
tills one. are under study for use on 
Freedom where EVAs will be a routine 
practice. The Zero Prebreath Suit 
allows astronauts to avoid extensive 
depressurlzation period required when 
going out in space with current 
Shuttle-based suits. 
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Maintenance and repair of Earth-orbiting sateiiites iias been demonstrated on 
Shuttle tliphts, such as the Soiar Max repair mission. Freedom wiii also be 
capable of maintaining, upgrading and repairing space assets, thus extending 
their value and productivity. 




Robots, like the FTS, will perform hlgh*risk tasks like satellite repair, shown 
here, or spacecraft refueling, under remote control of Freedom*«icrew members. 




An Orbital Maneuvering Vehicle prepares to dock with the HST. In the distance Is 
lanced configuration for Freedom where maintenance will be performed. 
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and success mission. 

In 19}>4, Coniifcss 
directed NASA to studN the 
job ot'meldini; human and 
machine proliciency in the 
semce ot the national space 
etVon. The conuressional 
direcii\e has bciiun to 
produce exciiinu results. 
While still a tar ciy from 
those Unable s^iciKc liLtion 
robots, C 31H) and P2 02. 
the l-lii;hi Telerol-K)iic 
System (FI'Sk has Ix'come 
an intei^ral pan of'ihe 
Freedom proiiram. Ihe 
space robot can be con 
trolled by an operator on the 
Freedom station or on the 
i;round. It will ultimateb 
have the work capal'>ihi\ ofa 
space-suited astronaut and 
will help in the on orbit 
assembly and maintenance (»l* 
the manned base, thus 
minimi/ing the amount ot 
human e\tra\ehicular acii\it\ 
and the risk in\ol\ed. 

Ad\anced telerobots, 
equipped with sophisticated* 
lini^er like manipulators 
approaehini; human dexter 
it\, would be able to perttnm 
such sensiti\e, specialized 
tasks as seiA icing parts ot 
FVeedom or relueling a 
spacecral\. Ad\ances in 
computer \ision with \oicc 
Command hnks will als(» 
allow robots to seiAc as "gt) 
Icrs/' Think toruuuself 
automat(»ns also arc expected 
to come out (»t* NASA's 
automation and robtuus 
programs. 

Other eaiiv goals nuludc 
automating the guidance, 
control, and na\igation 
liinctions. Stud\ is also 
underway (»n lesvrning the 
astronauts' workload b\ 
using artificial intclligciice 
(AI) to control and monitor 
temperature and electrical 
power distribution, warn ol 
potential haidwarc failure, 
and keep imentories oftook 
equipment, clothes, and 
food. Spaceborne AI tech 
nology could also network 
many ot'thcse jobs so they 
talk to each other; by making 
use of expert systems, they 
can also infer, reason, learn, 
and act appropriateK. 

as 
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EVOLVING 
WITH 

VERSATILITY 



rcliiuiium work aboard 
hrccd(»m is expected to 
siiimilaie Mill more uses. 
Space Station Hrecdonn 
tluTefore, is being attuned 
a philos(»ph\ of adaptabilit) 
and change. Its design, for 
example, features "hooks and 
sears/* electronic and 
mechanical inieHaces that 
allow l-reedom's designers to 
expand capability. In this 
wa\, new and upgraded 
components, such as com 
puter hardware, data man 
agemcnt software, and pov.er 
svstems. can be installed 
easily, riic concept is similar 
to bii\ing a home prewired 
ftii exentual hookup to a TV 
cable s\stcm e\en though the 
cable company has not vet 
reached vour area. 



Adding On 

Engineers ha\e also 
blueprinted a configuration 
lor expanding iTcedom that 
builds on the initial stmc 
tiire In this ad\anced 
\ersion, two 103 meter 
{340 ftjot) long\enical 
spines will connect with the 
hori/ontal cross boom. With 
a near rectangular shape 
comparable in si/e to a 
fo(»tball field, the frame will 
be much stitl'er and also 
allow ample room for a bc\\ 
of new payloads. 

On the upper beam, for 
L\ampk\LosmK ra\ expcn 
ments, solar and astrometnc 
telescopes and related 
detectors, solai cell and 
spacecraft materials, and 
coating studies can be 
exposed to the en\ irons of 
space. To boost electricitx' 
levels, a pair of solar dynamic 
generators featuring retleet- 
ing mirrors can also be 



A Freedom^based Orbital Transfer 

Vehicle could be assembled, serviced 
and fueled at the complex. The OTV 
could propel astronauts and hardware 
to high Earth orbits or exploratory 
targets. The umbrella-like structure is 
used for aerobraking. 



attached t(» the stiiicturc 
C.ollcttini;; heat trum the 
intense rays of the Sun, 
parabolic mirror segments 
will foeiis this energy on a 
tluid wnich then dri\'es a 
tinbine engine that generates 
electricit); supplementing 
Freedom's power by another 
50,000 watts. 

Also en\ isioned as part of 
th': enhanced Freedom are 
u imanned co-orbiting 
platforms. Such platforms 
could be equipped w ith large 
aniennas that scan the 
universe for radio chatter 
from distant communities. 
Or, they might focus on 
astrophysics research, solar 
obsenation, or a wide variet)' 
of Karth-oriented or astro- 
nomical endeavors. 

A large servicing bay, 60 
meters (200 feet) long and 
nearly 30 meters (100 feet) 
across, to house an entire 
*'great obseivatory" space- 
craft, also is planned on the 
enhanced Freedom. Once an 
observatoiy is parked inside 
the cavernous hangar, 
astronauts could easily align, 
dean, and e\en recoat 
astronomical instruments in a 
pressurized en\ ironmcnt, 
lea\ iiig their cumbersome 
spacewalking suits on the 
rack , 

Another e\'()lutionar\' path 
for Space Station Freedom 
calls for added reliance v)n 
automation and robotics, 
particularly for building 
sizable structures in Earth 
orbit. Such space stmctures 
will be able to accommodate 
large cargoes of equipment, 
fuel, and other materials that 
can perpetuate Freedom's 
growth and use. 

Other growth scenarios 
might include attached 
modules to hold plants 
grown in space as part of a 
closed ecological life-support 
study, or which serve as a 
quarantine area for studying 
precious samples of comets 
or Martian soil brought to 
Freedom by robotic space- 
craft. A module could also 
become a biomedical study 
center assigned the duty of 
developing and evaluating 




Rocketdyne, NASA's contractcr for the 
Station's power system, has 
developed a functioning prototype of 
the solar dynamic power system 
which is expected to furnish additional 
power for the Station in the future. 
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Future unmanned Sfiacecraft, 
designed for on-orbit servicing from 
the Freedom, include the Advanced 
X-Ray Astronomy Facility and 




the Space Infrared Telescope Facility. 
These spacecraft would be placed in 
an orbit near the Station where crews 
can periodically exchange and update 
scientific instruments. 






The enhanced configuration for the 
Freedom features added structure, 
additional power, and a servicing bay. 
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With an eye toward future self-sufficiency on the Moon or Mars, a potential 
future module could serve as a space garden, as shown in this artist's concept. 
Robots would tend the garden which would supply food for the astronauts. 



COAHUrOMTWO 




ASWMMT 



Astrometric Telescope Facility, which would search for planetary systems 
around other stars, could operate as an attached pavioad on Freedom's upper 
keel. 



couiucmicMsurcs to the 
ctl'ccts of microgrcuit) on 
humans. 

Branching Out 

NASA calls it 'iuanching^' 
— a Frccdoni-bascd acti\it\ 
so thiitful that it can branch 
ort'into its own facilit\'. A 
common branching, concept 
calls for a human-tended 
faci 11 n* w he re nud e - i n space 
products, such as rare metals, 
glasses, and electronic 
material, can be processed in 
an absolutely vibration-free 
environment. This research 
base could even lead to 
another branching financed 
by a high-tech industr\' that 
wants its own production 
facilit)' in space. 

As little as scientists know 
about human adaptation to 
microgravit)', even less is 
known about the long term 
etlects of exposure to the 
one-sixth gravitx- of the 
Moon or the one third 
gravitA'of Mars. One 
suggestion, therefore, is to 



dexelop a facility, capable of 
simulating different artificial 
gra\ity conditions, using 
Freedom's components. The 
facilit)' would consist of a 
module connected to a 
counten\ eight at the end of a 
long tether. (Capable of 
rotating at different rates, 
thereby \ielding different 
artificial conditions, this free 
flying variable gra\ity 
research facilit}' could lead t(j 
new biomedical data neces 
sar\- to "flight qualify" 
hiunans for journeys to 
worlds beyond the Karth« 

Another branching 
candidate is a shipyard in 
orbit. This depot could act 
as an assembly, seivice, and 
fueling spot for a host of 
space vehicles. An Orbital 
Transfer Vehicle (O'lY) 
stationed at Freedom, could 
be used for propelling 
astronauts and hardware to 
orbits higher than the 
manned base's operating 
altitude, even to geostation- 
ar\' orbit, or the Moon. 
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iccdom's pcrmancnc\ and its 
mi\ of human aptitudes and 
technologies will add an 
e\traordniar\ dimension to 
the achie\enient (»f long 
term space goals. An ideal 
Uk^\ point for collecting 
pertomiance data on space 
technologies. Freedom will, 
for example, accommodate 
the assembly and testing of 
antennas too large or too 
fragile to assemble on or 
launch from Karth. 

Fluid management 
technology can also be 
enhanced through testing on 
Freedom. Knowing how to 
safe!) store and transfer fuels 
m microgravity is a p ercqui 
site to establishing large fuel 
depots in orbit. Ad\anccd 
spacecraft materials and 
coatings that are e\entually 
to he used in optical detee 
tors, mirrors, and solar cells 
can be pr(U)ted by exposure 
to the space en\ironmcnt. 
Long term effects of atomic 
oxygen and a near \acuunu 
including bombardment by 
ultra\iolet rays, electrons, 
and protons, can also be 
studied. 

High power energx 
s\ stems, laser-comnuinica 
tion equipment, ad\anced 
life suppon concepts, 
complex automation and 
robotic hardware, new 
propulsion s\ stems — 
technologies \%hich are 
pi\otal to enlarging the 
sphere of space operations 
abo\e Fanh— all can beneiii 
from preliminan assessment 
in orbit. Taking ad\antage 
ol Freedom's capabilit\ to 
test before tasking will 
multipK the accomplish 
mentsofthe cnilian space 
prr)gram o\er the coming 
decades. 

A Framework for Tomorrow 

In a 1987 repon to NASA 
Administrator James 
Fletcher, a task force led by 
Dr. Sally Ride> America's first 
woman in space, coneluded 



I that the nation will be able 
to regain and retain leader- 
ship m sp,Ke only if it has 
clear strategy in place, and its 
goals for the future defined 
and de\ eloped." The repoit 
goes on to state that future 
I sp.ice scenarios depend on 
i the research, hardware 
i de\elopment, and successful 
I use of automation, robotics, 
I and other technologies and 
I abilities gleaned from Space 
i Station Freedom. 

According to the study, 
i four initiati\es pro\ide a 
! framework for the future: 

• Fxpanded studies of 

; Fanh that characterize our 
I home planet on a global 

! scale, 

I 

• An enhanced program 

I of Solar System exploration 
; usinu robots, 

i 

• Hstablishnient of a 

I permanent outpost on the 
I Moon that builds on the 
j Apollo program, 

' • A program to send 
I humans to Mars, leading to 
! the e\entual establishment of 
I a permanent Manian base, 

Fhe report also included a 
' scenario for a human return 
I to the Moon by the year 
! 2000, followed in ti\e ye,irs 
I In an outpost ,^84,500 
I kilometers (240.000 miles » 
1 away on the Moon and 
I sheltering fi\e astronauts for 
j se\eral weeks at a time. 
' ( irca 2010, up to thirty 
I lunar explorers can be 
^ working at the mitpost over 

a pen(»d of months. This 
I lunar imtratixe, concludes the 
i studv will nurture the 
experience, expenise, and 
conlidence needed to 
comnm the Nation to an 
astronaut outpost on *\I,\rs 
,^20 million kilometers (200 
million miles ,n\,ivi bv the 
year 2010. 

The National Commission on Space 
determined a settlement on filars In 
ttie 21st century could be actiieved. 
The first steps toward expanding 
human life to such distances begins 
with Space Station Freedom. 
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Freedom wiii support technology 
development and buildup of vehicles, 
such as tills Cargo Vehicle Propulsion 
element, for use In a piloted Mars 
mission and oute. planet robotic 
exploration missions. 




filars Observer, scheduled for launch 
in 1992, is designed to follow up on 
knowledge gained from Mariner and 
Viking missions to the planet, and 
serve as a precursor for future Mars 
exploratory missions. 
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H<j\\c\cr, Loncludcs the 
report, ''Until tlic Space 
Station is occupied and 
actual k>ni;-cluratu»n testing 
is begun, we will lack tUc 
knowledge necessarv to 
design and conduct inter 
planctan flights or to inhabit 
l( )w e r- gra\ i t\" su rfa ce bases . " 

Similar goals were eham 
pioncd in a 1986 report to 
President ReagcUi tVoni the 
National C\)nimissi()n on 
Space. This hLie ribbon 
group noted that the move- 
ment of human life outside 
Harth requires the de\el()p- 
menr of a space station. 
0\er tniie, the space station 
will e\ol\e into an *'earth 
spaceport/' semng as a hub 
for both unpiloted and 
human traffic. This eco 
nomic tranvfbr of passengers 
and \ chicles with haith 
would la\ the ground, so to 
speak, tor a ''highwax to 
spicc'' as well as a "bridge 
between worlds,"" initially to 
the Moon and subsctjuenih 
to Mars. 

Humans living along this 
space frontier, hypothesizes 
the ('ommission, would live 
off the land, deriving energj' 
and materials from planet- 
circling moons, asteroids, 
and planetar\' surfaces as they 



make their wa\ through the 
Solar S\siem. Indeed, as the 
Solar S\ siem becomes 
humanity \ extended home, 
the umbilical to Earth could 
e\entuall\ be cut. 

Cerrainly, there is no 
question that xisione^^iing is 
alive, well, and ninning on 



full throttle in the United 
States. Indeed, that reco\er\ 
proeess is predicated in good 
measure on pressing fomard 
to a new future in space — a 
future symbolized b\ Space 
Station Freedom, our 
foothold on the future. 




Permanent outposts on the Moon, building on the success of Apollo, have been 
proposed as a future space goal. 
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Samples, collected during unmanned 
missions !o Mars, could be brought 
back to Freedom for early analysis 
prior to transport back to Earth for 
detailed investigation. 




Future goals for the civil space 
program include an enhanced 
program of solar system exploration. 
Shown is the great nebula in 
Andromeda. 




A future program to send humans to Mars could involve hardware depicted in 
this artist's concept. 




Freedom will support development and flight-testing of advanced Earth-orbit 
technologies developed under NASA's Pathfinder project. 
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Freedom's large photovoltaic arrays 
could support development of high- 
performance, low-mass, high- 
reliability solar power for the early 
phases of lunar or Martian outposts. 




Moon walker Charles Duke salutes the 
American flag during his 1972 Apollo 
mission. America's preeminence in 
the exploration of space was clearly 
demonstrated by Apollo's 
achievements. 



Next Page: The Freedom Station will 
pave the way to making the solar 
system numaiiity's sxtended home. 
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